D epression is one of the most common comorbidities affecting adults living with HIV, with prevalence estimates ranging from 20% to 40%. [1] [2] [3] [4] [5] [6] [7] In addition to being a serious clinical concern, depression complicates the management of HIV: it has been linked to low adherence to antiretroviral therapy (ART), 8 poor attendance at HIV primary care appointments, 9 ART failure, 10 accelerated clinical progression of HIV, 11,12 and higher mortality rates.
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Much of the literature associating depression with HIV outcomes has focused on categorizing scores on depression severity scales such as the Center for Epidemiologic StudiesDepression or the Patient Health Questionnaire-9 (PHQ-9) 25 into "depressed" or "not depressed" at a particular point in time based on standard cutpoints. This dichotomous approach fails to capture the variation in severity and chronicity of depressive episodes and the cumulative burden of exposure to depression. The perspective of the cumulative burden has important implications for quantifying the potential benefit of efforts to shorten (rather than universally prevent) depressive episodes through evidence-based treatment. In addition, much of the current literature examines depression in association with a single HIV-related outcome rather than considering the association of depression with the continuum from engagement in HIV care, through response to ART treatment, to arguably the most important outcome, survival.
This article adapts a measure commonly used in the depression treatment trial field, depression-free days, to capture the cumulative burden of depression over time among a large, multisite cohort of adults receiving HIV primary care in the United States, and determines whether a greater cumulative burden of depression is associated with HIV care engagement, treatment response, and mortality. This analysis included all CNICS participants between September 22, 2005, and August 6, 2015, with 2 or more consecutive PHQ-9 measures, defined as 2 PHQ-9 measures separated by less than 365 days. Two sites without PHQ-9 measures available in the CNICS database during this time period (Case Western Reserve University and Johns Hopkins University) were not represented in the analysis dataset. The median gap between PHQ-9 assessments in the final sample was 182 days (interquartile range, 126-226 days). For this study, patients entered the analysis on the date of the second such PHQ-9 assessment and remained in the analysis until the earliest of the following: death, censoring owing to a lapse in PHQ-9 measures (12 months after the last consecutive PHQ-9 measure), censoring owing to loss to care (≥12 months without an HIV primary care appointment), 6 years' follow-up, or administrative censoring. Administrative censoring was defined based on each site's most recent upload at the time of the data query for this analysis and ranged from October 1, 2014, to October 1, 2015, depending on the site.
Methods

Study Population
The standard of care for depression screening and treatment varies across CNICS sites. Some sites provide PHQ-9 results back to the medical or social work team, in real time or with a delay, while other sites treat the PHQ-9 results as research data. Further assessment, referral, and treatment plans are at the discretion of the clinician and specific to local resources available. Prior research in CNICS has documented large gaps in the initiation of treatment for depression, guidelineconcordant adjustments to the depression treatment plan, and achievement of remission across all sites 32, 33 ; these gaps are similar to those identified in primary care and other medical settings.
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Key Points
Question For adults living with HIV, is the percentage of time spent with depression associated with appointment attendance, treatment failure, and mortality?
Finding In this large, multisite clinical cohort study, a greater time spent with depression was associated in a dose-response fashion with higher risk of missing appointments for HIV primary care, higher risk of detectable viral load, and higher mortality rates.
Meaning Although entirely eliminating depression is impractical, even shortening the duration of depressive episodes (eg, through integration of improved screening and evidence-based depression treatment into HIV care) may have important HIV-related benefits.
Measures: Cumulative Burden of Depression
Cumulative burden of depression was measured using an adaptation of depression-free days, a metric commonly used in trials of depression treatment to quantify the relative benefits of different treatments in reducing the amount of time spent with depression during follow-up. [35] [36] [37] [38] In the depression-free days approach, consecutive scores on a standardized depressive severity scale, such as the PHQ-9, are each converted into a scale from 0 to 1, with 1 corresponding to a region below a threshold indicating full remission of depression (fully depression free; eg, PHQ-9 score <5), 0 corresponding to a region above a second threshold indicating fully symptomatic depression (fully not depression free; eg, PHQ-9 score ≥15), and intermediate scores being assigned a prorated value between 0 and 1. The values at the beginning and end of each time interval are averaged to indicate the proportion of the time interval spent depression free, and can be multiplied by the length of the interval to indicate the number of days in the interval spent depression free. To characterize cumulative exposure to a condition, depression-free days can be thought of as analogous to other cumulative measures, such as pack-years of smoking or viremia copy-years.
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Depression-free days correlate well with other measures of response to treatment of depression. 38 The measure of depression-free days is commonly calculated from depression assessments spaced at 3-to 6-month intervals.
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Prior validation research has indicated that 6-month spacing, as used in our analysis, functions well, and little additional information is gained by conducting assessments more frequently than every 6 months.
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As we sought in this analysis to examine the negative outcomes of a longer duration of depression rather than the benefits of depression treatments, we calculated days with depression, the converse of depression-free days, by setting PHQ-9 scores of 15 or more to a value of 1 (fully depressed), PHQ-9 scores less than 5 to a value of 0 (fully not depressed), and PHQ-9 scores between 5 and 14 to a prorated value between 0 and 1. We then multiplied the mean of each pair of consecutive measures by the number of days between those measures to calculate days with depression in that interval. We aggregated days with depression over time and divided it by total days of follow-up through a given time point to obtain a time-updated measure of the mean cumulative burden of depression during follow-up, referred to as percentage of days with depression (PDD).
Measures: Outcomes
We considered the following 3 outcomes capturing 3 key markers of the continuum of HIV care engagement and management 40 : missed HIV primary care appointments, detectable HIV viral load, and all-cause mortality. Missed HIV primary care appointments were measured from administrative appointment data. This outcome was defined as whether a particular scheduled appointment was kept or missed. All scheduled appointments during each participant's follow-up were included, so that participants could have multiple scheduled appointments considered in the analysis. Consistent with related literature, scheduled appointments that were canceled by the patient or rescheduled by the clinic were excluded.
41
Detectable HIV viral load was defined as a HIV RNA viral load measure of 75 copies/mL or more based on the highest limit of detection among the viral load assays used during the time period covered by this analysis. All viral loads during each participant's follow-up were included. Mortality was defined as date of death from any cause.
Measures: Covariates
Time-fixed covariates included baseline site, age, sex, race/ ethnicity (white non-Hispanic, black non-Hispanic, Hispanic, or other), and diagnoses in the medical record of cardiovascular disease, type 1 or type 2 diabetes, depression, anxiety, and other mental health disorders. Time-varying covariates included self-reported heavy use of alcohol (Alcohol Use Disorders Identification Test-Clinical score ≥4 for men and ≥3 for women), self-reported drug use (any past or current use of illegal drugs other than marijuana), ART use and adherence (not using ART, using ART and no selfreported missed doses in the past week, or using ART and ≥1 self-reported missed dose in the past week), and laboratory test reports of HIV viral load and CD4 T-cell count.
Statistical Analysis
The goal of the analysis was to estimate the effect of increased PDD on the risk of missed appointments, the risk of detectable viral load, and the rate of all-cause mortality, using causal inference methods to estimate effects from observational data.
42,43 Time-varying covariates such as ART use and adherence, viral load, CD4 T-cell count, and alcohol and drug use may both confound and mediate the effect of depression burden with outcomes. As such, adjustment for these covariates through traditional multivariable regression models would be expected to bias effect estimates. 42,43 Therefore, we used inverse probability of exposure weights to fit marginal structural regression models. 43 We combined the inverse probability of exposure weights with inverse probability of censoring weights to address informative censoring and inverse probability of visit weights to address differing frequencies of measurement of appointments and viral loads. 42 Detail of the construction of the weights is provided in the eAppendix in the Supplement. We used the combined weights to fit a weighted, marginal structural Cox proportional hazards regression model to estimate the effect of PDD with mortality, and to fit weighted pooled repeated-measures marginal structural Poisson regression models with robust variance to estimate the effect of PDD with the risk of missed appointments and detectable viral load. We assessed the assumption of a linear association between PDD and outcomes by comparing linear, quadratic, and restricted cubic spline specifications, both statistically (by comparing the Akaike information criterion) and graphically. For the Cox proportional hazards regression model, we assessed the validity of the proportional hazards assumption using Schoenfeld residuals, which indicated that the proportional hazards assumption was upheld. In an exploratory analysis, we examined whether timeupdated missed appointments mediated the effect of PDD on viral load, and whether time-updated missed appointments and viral load mediated the effect of PDD on mortality by comparing point estimates in our primary models with point estimates after adjustment for the hypothesized mediator. If the hypothesized variables act as partial or full mediators, we would expect the point estimates to shift toward or to the null on adjustment.
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Results A total of 5927 participants contributed 10 767 person-years to the analysis ( had 0% PDD whereas 214 (3.6%) had 100% PDD. During the follow-up period, 158 deaths were observed (mortality rate, 1.5 deaths per 100 person-years). Participants had 55 040 scheduled appointments, of which 10 361 were missed (18.8%), and 28 455 viral loads, of which 6191 were detectable (21.8%) ( Table 1) .
In regression models, to facilitate meaningful interpretation of coefficients, PDD was scaled so that a 1-unit change corresponded with a 25-percentage point increase in PDD (eg, 25% vs 0% PDD, or 50% vs 25% PDD). A PDD value of 25% could reflect, for example, full depression for 1 quarter of follow-up or mild depressive symptoms (eg, PHQ-9 score of 7) for the entirety of follow-up.
In the weighted marginal structural models, increasing PDD was associated in a dose-response fashion with an increased risk of missed appointments, increased risk of detectable viral load, and accelerated mortality. Each 25% increase in PDD led to an 8% increase in the risk that a particular scheduled appointment would be missed (risk ratio, 1.08; 95% CI, 1.05-1.11), a 5% increase in the risk that a particular viral load would be detectable (risk ratio, 1.05; 95% CI, 1.01-1.09), and a 19% increase in the mortality hazard (hazard ratio, 1.19; 95% CI, 1.05-1.36) ( Table 2 ). These estimates imply that, compared with those who spent no follow-up time with depression (PDD, 0%), those who spent the entire follow-up time with depression (PDD, 100%) faced a 37% increased risk of missing appointments (risk ratio, 1.37; 95% CI, 1.22-1.53), a 23% increased risk of a detectable viral load (risk ratio, 1.23; 95% CI, 1.06-1.43), and a doubled mortality rate (hazard ratio, 2.02; 95% CI, 1.20-3.42).
Assessment of the assumption of a linear, dose-response relationship between PDD and each outcome indicated that, for the risk of missed appointments and detectable viral load, a All models addressed confounding using inverse probability of exposure weights, which included baseline values for site, age, sex, race/ethnicity, and diagnoses in the medical record, as well as baseline and time-varying values for alcohol and drug use, antiretroviral therapy use and adherence, viral suppression, and CD4 T-cell count. All models also addressed informative censoring with inverse probability of censoring weights. The appointment and viral load models further addressed varying frequency of appointments and viral loads with inverse probability of visit weights.
b Estimated from a weighted marginal structural Cox proportional hazards regression model.
c Estimated from weighted pooled (repeated-measures) marginal structural Poisson regression models with robust variance to estimate risk ratios.
the dose-response assumption was reasonable. For mortality, there was some suggestion of a threshold rather than a doseresponse relationship, with all levels of PDD from 25% to 100% having approximately a doubled hazard of death compared with those with a PDD of 0% (Figure) .
There was limited support for the hypothesized mediation. Time-updated missed appointments were independently associated with both detectable viral load and mortality. The addition of missed appointments to the models attenuated the estimated association of PDD with viral load by 20% and the estimated association of PDD with mortality by 25%. Time-updated viral loads were also independently associated with mortality, but their addition to the mortality model did not further change the estimated association of PDD with mortality.
Discussion
In this large, multisite cohort of patients receiving HIV primary care in the United States, we found that a greater proportion of time spent with depression increased the risk of missed HIV primary care appointments and lack of viral suppression in a dose-response manner. Mortality rates also increased with greater depression burden, with a suggestion of a threshold association such that even modest increases in time spent with depression, amounting to a mean of 1 in 4 days during follow-up, approximately doubled the mortality rate.
These findings, which suggest that systematic screening and enhanced treatment to shorten the duration of depressive illness may have multiple benefits, stand in contrast with the trend in HIV treatment guidelines toward less frequent monitoring of patients whose disease is stable with treatment.
46,47 Protocolized, time-efficient strategies to enhance depression treatment in nonpsychiatric settings, such as measurement-based care, 48 have been shown to be as effective as psychiatric care in achieving remission of depression. 49 However, these protocols require several months of short-term follow-up to ensure that treatment is adjusted until remission is reached. Integration of strategies such as measurement-based care would require more intensive follow-up of some patients, potentially through task-shifting strategies involving social workers or other clinic personnel as depression care managers, in an effort to maximize depressionfree days. 48 These results are consistent with those in prior literature that has reported associations between depression and HIV outcomes.
10,13-24 Our findings are an important extension of prior work in several ways. First, we used a unified analytical approach to consider the association of depression with 3 key indicators of the HIV treatment continuum. 40 Second, we used a novel adaptation of a metric commonly used in trials of treatment for depression to capture the varying levels of chronicity and severity of depressive illness over time, rather than relying on a binary classification of depressed or not depressed. Our results indicate that even short-term or mild depression, such as 1 in 4 days spent fully depressed or persistent mild depressive symptoms, can have meaningful negative outcomes on HIV treatment and survival. Third, we applied advanced causal inference statistical methods to comprehensively address time-varying confounding, informative censoring, and varying frequency of assessments, strengthening the interpretation of our results. Finally, we leveraged a large, demographically diverse, and geographically dis- A, Predicted probability of missed HIV primary care appointments, with 95% CIs from pooled Poisson regression models with robust variance, with the exposure (percentage of days with depression) modeled using a restricted cubic spline functional form. B, Predicted probability of detectable viral load, with 95% CIs from pooled Poisson regression models with robust variance, with the exposure (percentage of days with depression) modeled using a restricted cubic spline functional form. C, Hazard ratios of mortality rate, with 95% CIs from a Cox proportional hazards model, relative to a referent of 0% of days spent with depression, with the exposure modeled using a restricted cubic spline functional form; the blue horizontal line denotes the null value of 1.0. PHQ-9 indicates Patient Health Questionnaire-9. Dashed lines indicate the 95% CI. analysis controlled for psychiatric comorbidities using appropriate methods for time-varying confounding, the association between depression and other mental health conditions is likely complex, bidirectional, and difficult to fully disentangle statistically. Our exploratory mediation analysis provided partial support to appointment adherence as a mediator of the association between depression, viral load, and mortality, but indicated that other pathways are likely to account for the majority of the association.
Limitations
We quantified cumulative burden of depression by converting repeated PHQ-9 measures into an estimate of PDD during followup. Although this approach likely has some measurement error relative to repeated clinical diagnostic evaluations, the method has been used for nearly 20 years in the literature on trials of depression treatment to compare the relative benefits of different interventions. [35] [36] [37] [38] The measure correlates well with other measures of depression burden [35] [36] [37] [38] and is relatively insensitive to the spacing between PHQ-9 assessments in the range seen in this sample.
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Our analysis included only individuals who had consented to participate in CNICS and had completed at least 2 PHQ-9s. Participation in CNICS is >90% at all sites, and the demographic and clinical characteristics of our sample were very similar to those of the overall CNICS cohort, suggesting that selection bias was unlikely to have had a major influence on our results. Although the CNICS cohort represents a diverse and geographically dispersed network of academic medical centers, these results may be less generalizable to smaller or nonspecialist care settings.
Conclusions
In this large sample of patients engaged in HIV primary care in the United States, greater chronicity of depression elevated the risk of missed appointments and detectable viral load as well as mortality rates. Even modest increases in the proportion of time spent with depression led to clinically meaningful increases in negative outcomes. These findings suggest the importance of promptly identifying and treating depression among adults living with HIV to shorten the course and prevent the return of their depressive illness and ultimately improve their clinical outcomes. These findings further suggest the need for clinicrandomized, implementation science-focused trials of the mental health and HIV-related benefits of integration of systematic screening and enhanced treatment protocols into routine HIV care.
eAppendix. Details of Creation of Analysis Weights
Time varying covariates such as ART use and adherence, viral load, CD4, and alcohol and drug use may both confound and mediate the effect of depression burden on outcomes. As such, adjustment for these covariates through traditional multivariable regression models would be expected to bias effect estimates. Therefore we used inverse probability of exposure weights (IPEW) to fit marginal structural regression models. We combined the IPEW with inverse probability of censoring weights (IPCW) to address informative censoring and inverse probability of visit weights (IPVW) to address differing frequencies of measurement of appointments and viral loads.
We calculated IPEW by dividing percent of days with depression (PDD) into deciles and fitting a pooled ordinal logistic regression model to predict the probability an individual would experience the PDD decile they actually experienced given their covariates. Explanatory variables included baseline site, age, gender, race/ethnicity, and chart diagnoses, and baseline and time varying alcohol and drug use, ART use and adherence, viral suppression, and CD4 count.
IPCW were calculated analogously using pooled logistic regression to predict censoring as a function of the same variables as well as time spent under observation and time varying PDD. IPVW were calculated using pooled logistic regression to predict whether the participant had a scheduled appointment (or viral load) on each day as a function of the same explanatory variables. All weights were stabilized with baseline values of covariates. The IPEW, IPCW, and (depending on the analysis) IPVW were multiplied to produce a final set of weights. All weights were well distributed with mean close to 1. To assess sensitivity to outliers, primary results were compared to results using weights trimmed at the 1 st and 99 th percentiles and no substantive differences were observed.
